Findings of a study that examined the collaborative problem-solving processes used by superintendents are presented in this paper. Based on information processing theory, the study utilizes a model corvosed of the following components: interpretation; goals; principles and values; constraints; solution processes; and mood. Data were derived from stimulated-recall interviews conducted with seven superintendents with reputations of effectiveness. Participants were asked about the group problem-solving processes involved in a previously audiotaped meeting with their senior administrative colleagues. Findings indicate that the superintendents placed problems in a broader context, procured majority participation, were reflective, fostered organizational learning, and sought the best group solution. (66 references) (LMI) *********************************************************************** * Reproductions supplied by EDRS are the best that can be made * * from the original document. * *********************************************************************** 
Superintendents' Group Problem-Solving Processes
Peter Va'l (1989) claims that today's executives "...live in a world of permanent white water" (p. 2) -a world in which few assumptions are beyond scrutiny and the environment sometimes appears chaotic.
In such a contingent world, well-rehearsed, routine, managerial behaviors provide the solution to a rapidly decreasing proportion of the potential problems lurking in the choppy waters executives navigate daily.
It is the prevalence of wicked or ill-structured problems, just below the surface of the water, that explains why even a light breeze often results in whitecaps. And, sometimes, apparently benign problems turn out to be deceptively wicked. Such a perspective explains the need for executives to have a repertoire of general problem-solving skills along with a considerable store of knowledge about their specific businesses, to help cope with unpredictable and new problems.
The study of executives' problem-solving processes has been underway for some time in organizational settings outside of education (see, for example, Srivastva, 1983; Schwenk, 1988; Argyris, 1982) .
But little systematic attention has been devoted to the thinking and problem solving of educators in formal leadership positions. The study described in this paper was one in a series aimed at redressing this neglect. Prior studies in the series have focused on s,:hool principals (e.g., Leithwood & Steinbach, 1991b) as well as superintendents (e.g., Leithwood & Steinbach, 1991a) .
Among the results of our prior studies is evidence that as educational leaders become more "expert", more experienced in their roles and move to more senior positions, they rely more extensively on solving their problems in collaboration with groups of colleagues, rather than by themselves (Leithwood & Steinbach, 1990) . Indeed, some leaders are able to use the context of group problem solving not only for developing productive solutions to their problems and enhancing the subSeatient implementation of those solutions, but also for fostering powerful forms of staff development (Leithwood & Steinbach, 1991b) .
To explore these tentative findings further, the study described here asked: What purposes are being served by superintendents when they engage in collaborative problem solving with their senior colleagues?
How do superintendents accomplish these purposes?
Framework
Our previous studies of executive problem solving have been guided by information-processing theory.
Among other products, this research generated the multi-component model of executive problem solving which served as a framework for data collection in the present study.
The components of that model are:
Interpretation, Goals, Principles and Values, Constraints, Solution Processes, and Mood. This section briefly outlines several key features of an information-processing orientation to problem solving; it also identifies additional selected features of such an orientation in the conz.ext of describing the main elements of our problem solving model.
An Information-Processing Orientation to Problem Solving
Information processing orientations to problem solving are embedded in a broader theory of how the mind works. This theory consists of hypothetical structures and relationships explaining why people attend to some aspects of the information available to them in their environments, how their knowledge is stored, retrieved and further developed and how it is used in solving problems (see, for example, Gagne, 1985; Newell, Rosenblum & Laird, 1990; Rumelhart, 1990) . From this perspective, problems are defined as circumstances in which a gap is perceived between a current state and a more desirable state (Gagne, 1985; Hayes, 1981) .
When both states are clearly known and the procedures to follow (or operators) to get from one to the other are also known, a problem is considered routine or well structured. Lack of knowledge about any of these three elements in the "problem space" (Newell & Simon, 1972) makes a problem less well structured.
Hence, the objective complexity of the problem and the relevant knowledge poasessed by the solver combine to determine the degree of novelty or structure of a problem.
Information processing orientations to problem solving devote considerable attention to the concept of "expertise" and the patterns of thought which distinguish between those who possess high levels of expertise and others. Expertise is associated with both effective and efficient problem solving within a particular domain of activity (like leading a school system) .
Research across many domains suggests, for example, that experts: excel mainly in their own domains; perceive large meaningful patterns in their domains; solve problems quickly with few errors; and have superior short and long term memories for information in their domains.
Experts also represent problems at deeper, more principled levels than novices; they spend more time than novices interpreting (as distinct from solving) problems. And experts are able to monitor their own thinking much better than are novices (Glaser & Chi, 1988) .
The amount of domain-specific knowledge possessed by experts and the way it is organized is offered as the primary explanation for these attributes (Van Lehn, 1990; Nickerson, 1988 Nickerson, -1989 .
General problem-solving processes or heuristics, in the absence of such knowledge, are not considered powerful tools for problem solving. Rather, such processes help people to gain access to useful knowledge and beliefs that they otherwise may have overlooked (Bransford, in press ).
Well-structured problems, usually those repeatedly encountered by expert executives, are solved with little conscious thought. The problem is recognized as an instance of a category of problems about which the executive already knows a great deal. As Simon (see this journal issue) argues:
... any expert can recognize the symptoms, the clues, to the bulk of the situations that are encountered in his or her everyday experience.
The day would simply not he long enough to accomplish anything if cues didn't do a large part of the work for the expert."
Such recognition permits tne executive access to all of the knowledge he or she has stored in long term memory about how to solve that category of problem. But because no comparable store of knowledge is availaiile for ill-structured problems, the executive needs to respond in a more deliberate, thoughtful manner.
As executives face a greater proportion of ill-structured problems, better understanding of these deliberate, thoughtful processes becomes increasingly important (Day & Lord, 1992; Schwenk, 1988) as does enhancing the expertise with which they are carried out.
Furthermore, the degree of discretion and the cognitive demands placed on executives appear to increase the higher their position in the organization (Mumford & Connelly, 1991; Hunter, Schmidt & Judiesch, 1990) , in part because of the extended time horizons over which solutions to their problems must be planned and the accompanying abstractness of the thinking that necessitates (Jaques, 1986) .
This makes learning more about the problem solving of senior executives, like superintendents, especially worthwhile.
Components of a Problem-Solving Model
There are two general categories of processes involved in problem solving; understanding and solving (Hayes, 1981; Van Lehn, 1990; Voss & Post, 1988 Processes designed primarily fo: understanding problems: Interpretation and Goals
Interpretation.
Executives are bombarded with much more information from their environments than they can possibly think about (Simon, this issue) . Furthermore, because this information frequently presents itself as an untidy "mess", rather than a clearly labelled set of possibilities, there may be a host of potential problem formulations. Problem interpretation is an instance of giving meaning to and evaluating such information (Kelsey, in press) .
Meaning is created as newly encountered information is compared with those "schema" -organized contents of long term memory which the e,;ecutive thinks might be relevant (Van Lehn, 1990 For example, more than one schema could apply to the problem, giving rise to the need for a sometimes "trial and error" search for the most workable schema; two or more schema may have to be combined in order to adequately cover the whole problem.
The complex process of understanding ill-structured problems is aided by the use of problem categories which are learned from experience.
As Chi et al (1981) Cowan (1986 Cowan ( , 1988 Cowan ( , 1990 are more inclined to view the immediate problem in its relationship to the broader mission and problems of the organization.*
Goals.
Understanding an ill-structured problem sufficiently well to solve it usually requires decomposing it into pieces that are more manageable (Newell, 1975; Hayes, 1980) . This begins to transform the often abstract, general interpretation of an illstructured problem into a set of more precise goals which can serve as targets for problem solving activity (Voss & Post, 1988) .
Given these more precise goals, the executive is better able to compare the current state with the goal at each stage of the process, as is normally possible with well-structured problems (Greeno, 1978) .
Similar to what is accomplished through problem classification, such goals also provide relatively direct access to stored knowledge relevant to solving the problem without the need for more elaborate, time-consuming and possibly inaccurate search processes necessitated by vague goals (Greeno, 1980 Constraints.
The distinction between well-structured and illstructured problems is a matter of degree. How much an executive already knows that is relevant to solving a problem is one factor in determining the extent to which a problem is well-structured.
Another equally important factor is the number of constraints that must be addressed in solving the problem (Reitman, 1965; Voss & Post, 1986) . Once goals are set, much of problem solving involves recognizing and dealing with constraints to accomplishing those goals.
Often constraints arise, or are encountered, only in the midst of solving a problem.
These may be obstacles (absence of something required in order to continue) or errors (an action taken had an inappropriate result) .
Constraints may also be distractions (Shank & Abelson, 1977) ; for example, some other problem requiring immediate action comes to the executive's attention.
And, in the case of multi-step problem-solving processes, the actions taken at a prior step become constraints on possible actions at later steps. Threatening to fire the unit head unless he or she complies makes "voluntary restraint" among units an unlikely strategy for coping with the deficit problem in subsequent years.
As compared with non-experts, our prior research suggests that expert educational administrators:
more adequately anticipate many of the constraints likely to arise during problem solving; show a greater tendency to plan, in advance, for how to address anticipated constraints;
respond more adaptively and flexibly to constraints which arise unexpectedly;* do not view constraints as major impediments to problem solving.
Solution Processes. The overt or covert steps or actions taken in order to achieve goals for problem solving is our meaning of "solution processes". Such actions or steps result from a deliberate search through memory for relevant procedural schema.
These are structures in the mind about how to perform certain actions, a set of instructions for action for example, how to develop a budget, how to resolve a conflict with a trustee, how to ensure one's position is made clear in a two minute radio interview.
Procedural schema take several forms, each more or less appropriate to different problem conditions.
One set of conditions occurs in the face of problems or sub-problems that are relatively well-structured.
Under this set of conditions, procedural schema of most use take the form of "scripts" (Shank fi Abelson, 1977 Schön's (1983) term, involves intuitive and rapid search processes through memory for guides to short sequences of action or micro-scripts.
A second set of conditions occurs wheh the executive is faced with more ill-structured problems or sub-problems. Under such conditions, searches through memory are unlikely to locate a script that will solve the problem. The more likely outcome of such a search will be a "plan" (Shank & Abelson, 1977; Suchman, 1987) .
A plan is:
... the repository of general information that will connect events that cannot be connected by use of an available script ..." (Shank & Abelson, 1977, p. 70) It describes the choices available to the executive as she attempts to accomplish a goal.
A plan may include a number of different scripts connected in novel ways (Van Lehn, 1990 ).
For a plan to be developed by an executive as a guide to solving an ill-structured problem, the executive must still possess These include such content-free procedures as brainstorming/ means-end analysis, use of analogies and metaphors, collecting more information about possible steps and trial and error (Rubinstein, 1975; Brightman, 1988; Hayes, 1981; Newell & Simon, 1972) .
Our previous studies of school principals solving problems in groups (Leithwocd & Steinbach, 1991b; press) found that, as compared with non-experts, experts:
had well-developed plans for collaborative problem solving actions to take -a "behavior channelling" effect (Hambrick & Brandon, 1988 Our own research with educational administrators (Begley & Leithwood, 1989; Campbell-Evans, 1988; Leithwood & Steinbach, 1991a) Hodgkinson (1978) , Beck (1984) and Hambrick and Brandon (1988) , these value categories are identified later in the paper, and described in detail in Leithwood, Begley and Cousins (in press 
Method
Data for the study were collected through stimulated recall interviews (described below) conducted with seven "reputationally effective" superintendents.
A letter was sent to every chief education officer in Ontario (called Directors, but referred to in this paper by the more common designation of superintendent) requesting them to nominate five superintendents who they believed had reputations with their peers as being particularly effective on the job. They were advised to use whatever criteria they considered relevant. One hundred and eleven ballots were sent out and 74 were returned. The eleven top ranking nominees were then invited to participate in the research. Ten of those eleven agreed.
Of the ten, three subsequently dropped out for a variety of reasons (health, time, change of heart) resulting in a sample size of seven.
rk,i3
DaM3WWction. Participants were asked to audio tape a portion of a regular meeting with their senior administrative colleagues, usually six to eight people, which would be dealing with a problem the superintendent expected to be particularly controversial or "swampy".
They were asked to select a non-routine or complex problem because expert practitioners tend to deal with routine problems in a somewhat automatic fashion which makes it difficult to discern their thought processes (Leithwood & Stager, 1969) .
Following the meeting, the superintendents were interviewed.
Using the tape of the meeting to stimulate recall, superintendents were asked to comment on what they were thinking at various points.
Both the superintendent and the interviewer stopped the tape frequently to ask questions or to offer information about intentions and thought processes.
This discussion, recorded on a separate, subsequently transcribed tape, provided data for the study along with the record of the original meeting.
Stimulated recall methods used for data collection in this study seem likely to generate more valid data about superintendents' problem solving than other available methods. This conclusion is warranted as a consequence of the considerable debate about the validity of verbal reports as evidence of cognitive processes (e.g., Nisbett & Wilson, 1977; Ericsson & Simon, 1984) .
Based on a simple model of information processing, Ericsson and Simon (1984) , for example, hypothesize that recently acquired (or needed) information is kept in short-term memory and, hence, is directly accessible for producing verbal reports.
Information stored in long-term memozy, however, must be retrieved before it can be reported; the retrieval process can threaten the validity of verbal reports because it can be incomplete and subject to many different types of distortion by the retriever. In the case of some research methods (e.g., retrospective interviews), questions are asked that cannot be answered without retrieving contents of long-term memory or that demand inferences on the part of the respondent rather than retrieval. For this study, each transcript was divided into relevant statements made by the superintendent. Two researchers (neither of whom was the interviewer to maintain objectivity) worked together to code the interviews according to the 18 elements. Researchers initially coded each protocol independently and then resolved all discrepancies in coding through discussion.
Resufts and Discussion
The study addressed two questions: What purposes are being served by superintendents' group problem solving? How do they achieve those purposes? Following a quantitative summary of the data, results are reported using the components of our framework as organizers.
Where possible, similarities and differences with the results of other research are noted. interpreted the immediate problem in relation to the larger mission and problems of the board (item 1.1; rank 4). planned for and anticipated obstacles and responded flexibly to unanticipated obstacles (item 3.1; rank 4) clearly indicated their own point of view without intimidating or restraining others (item 4.4; rank 4). Based on a previous study of expert principals solving problems in staff meetings (Leithwood & Steinbach, 1991b) , we anticipated that superintendents would be attempting to find better solutions to their problems than would be likely were individual staff members to solve the problems by themselves.
Quantitative Summary
Instead, superintendents in this study usually brought to their meetings a well-worked out solution to the problem on the agenda. As one explained: "I'm very pleased because it's going exactly where I wanted it to go and it's coming from them. Like typical principals in our previous study (but unlike our expert principals), superintendents had a preconceived solution in mind and the few statements coded as 2.1 reflected flexibility around how the solution would be played out.
So what was the purpose of the meeting?
Was it only to serve the goal, usually shunned by experts, of manipulating the group into agreeing on a pre-determined solution so that members of the group would be motivated to implement it?
Detailed analysis of statements coded under 2.2 suggested that superintendents were attempting to accomplish two types of goals.
Their immediate goal was to "transform ideas into organizational reality" (Daniels, 1990, p. iii; their long term goal was organizational learning (e.g., Senge, 1990 ).
The problems the superintendents were solving with their colleagues in our study were primarily operational or maintenance problems (vs. strategic problems) and the context for solving these problems was usually a regularly scheduled meeting. Daniels (1990) They are a step beyond that: their purpose is to ensure that those responsible for putting solutions into practice understand and agree with the solution: This is "... the step by which the organization's intelligence gets integrated into its operations." (Daniels, 1990, p. iii) . From this perspective, it was not so much that the seven superintendents were not solving problems but that the nature of the problems they were solving had shifted.
In these regular meetings which served as the context for this study, the primary problem was how to ensure that ... if I can't read the group and work for them to keep contributing, then I shouldn't be in the role."
Processes Designed Primarily For Solving Problems: Constraints and Solution Processes
Constraints. The single element coded in relation to Constraints Talk classified by this item, ranked fourth in frequency, was extensive and showed concern for flexibility among all superintendents.
Solution Processes. Table 1 indicates that statements coded in relation to the ten solution processes elements accounted for 50 percent of all coded statements. The three items (4.4, 4.6, 4.8) accounting for half of these statements suggest considerable thought by superintendents about how to maintain smoothly These superintendents took seriously the role of "leader", a role that Miles (1959) believed could be played by all members; he argued that one of the main functions to be served by such a role was: "keeping the group maintained in working order" (p. 18); a task that includes "improving and maintaining working relationships" (pp. 19-20) . Superintendents' attention to group interactions and concern for the group's development is evident from this remark:
"I look upon it as an example of how the group has developed.
Its much easier in relationship with one another and we're able to speak more authentically about what we're thinking and feeling. And actually the whole meeting was kind of a barometer about how the group was doing."
Statements coded as part of Solution Processes also described specific strategies used by superintendents to accomplish the two types of goals (described above) for these regular meetings. Four strategies were used in superintendents' efforts to transform ideas into organizational reality:
Deciding on the specific nature of the action to be taken: Most superintendents used several strategies to help ensure complete agreement around the solution.
Suggesting the value "Solidarity", it was important to them that everyone in the group "speak with the same voice" or carry the same message to the people with whom they worked. One way this happened was to ensure agreement on the details of the overall actions to be taken. Being clear about the nature of the actions to be carried out by othar members of the group: speaking with one voice was also fostered by explicitly working with the group on the actions other members of the group would take. For example:
"Okay, as a summary then, you're going to do some editing. This will go to the next principals' meetingsboth of them. The superintendents will follow up with one-on-one kind of interview with them and give them the support as we outlined in five."
Developing a viable implementation plan but remaining flexible in the face of alternative proposals offered by others: as a kind of "fail-safe" mechanism, superintendents usually had thought through the implementation problem and identified, in Previous evidence (Leithwood & Steinbach, 1991b) concerning the group problem solving of expert principals demonstrated efforts by them to ensure that follow-up to group problem solving was planned, unlike their non-expert colleagues. The present study, however, suggests much greater attention by superintendents to this aspect of the problem, perhaps reflecting the more complex nature of the implementation problem at the district or system level, rather than the school level. As one superintendent said:
"So in a meeting like this you need to send people away prepared to do business with the people they have to do business with ..."
Fostering organizational learning was the second type of goal these superintendents pursued in their regular meetings. This goal was defined largely by the learning of the immediate group of people involved in the meeting.
To better understand the strategies or solution processes for fostering group learning used by the superintendents, we examined the data from a perspective provided by Senge (1990) The latter coding method assumes a "behavior channelling" relationship between values and actions (Hambrick & Brandon, 1988) .
As a consequence, the role of values as "perceptual screens" is not reflected in our data.
Values were ranked according to how frequently they were used. The three right hand columns provide comparable data on the ranking of values from our previous studies of expert principals (Leithwood & Steinbach, 1991b ) and superintendents (Raun & Leithwood, in press; Leithwood & Steinbach, 1991a) Raun and Leithwood (in press) concluded that pragmatism (Consequences), participation and duty (Role Responsibility) were prevalent value themes in their study of superintendents' values.
The present study provides additional support for this claim.
Insert_Lable 3 here
Mood. Twelve percent of coded statements reflect genuine respect and courtesy on the part of superintendents toward their colleagues.
For example:
"That was a check to see if she was in a position to really participate extensively."
A slightly larger percentage of statements, the most frequent overall, demonstrate a self-reflective habit of mind on the part of these superintendents.
This habit may explain how experts learn from experience or at least how these superintendents use these meetings to guide their own learning. Self-reflection was evident in such comments as:
"So while he was saying 'here's the problem as I see it', I've identified another problem that I want to raise with him in terms of how we get secondary school programs written, rewritten, refined, and perhaps it's time to reconceptualize."
Summary and Conclusion
The social, political and economic upheavals witnessed throughout the developed world in the last half dozen years have threatened the very survival of organizations previously considered invincible: Eastern European political structures, General Motors and the Roman Catholic church are cases in point.
And so are North American public schools.
Widespread .10
is a significant erosion in the predictability of the problems they face, and increased demands on their capacities to respond expertly to a much higher proportion of ill-structured problems. In addition, the preferred structural response to this turbulent environment in school systems, as in many other types of complex organizations (Naisbett & Aburdene, 1987; Toffler, 1990 ) is debureaucratization. For superintendents, this is coming to mean various forms of school-based management and shared decision making.
Not only are superintendents faced with a much higher proportion of ill-structured problems, but the forum for solving those problems is increasingly the group or team.
While expertise in group problem solving thus appears critical to current and future superintendents, there is almost no formal knowledge about it.
Providing some of that knowledge was the stimulus for this study. The study inquired, in particular, about the goals to be accomplished and the processes used by superintendents in solving problems during regular meetings with their senior staffs.
Results of prior, information-processingoriented, studies were used to provide a framework for collecting and analyzing verbal protocols collected, using stimulated recall techniques, with seven reputationally effective superintendents.
This framework highlighted, as important elements of problem solving, processes used by superintendents primarily to understand their problems (interpreting problems and setting goals), and to solve their problems (responding to constraints and generating solution processes) .
Also examined were the roles, in both understanding and solving problems, of superintendents values and affective states. Several features of the study argue for caution in interpreting results: in particular, the small sample size, the "reputational" method of sample selection and the lack of a non-expert comparison group (overcoming these limitations in subsequent research would add considerably to the knowledge base) .
In spite of these reasons for caution, the results, in our view, provide a useful beginning for a much-needed program of research.
The results suggest that superintendents use their group problem-solving :31 processes for two purposes. The short-term purpose, after Daniels' (1990) , was to transform ideas into organizational reality.
This meant ensuring that the solution to problems were systematically reflected in the subsequent practices of the superintendents' senior colleagues, as well as in their own practices.
A second, longer term purpose was organizational learning, as conceptualized by Senge (1990) .
Using prior research about principals' problem solving as a basis for comparison, the superintendents' problem-solving processes appeared to be highly expert. Superintendents helped their colleagues to place the immediate problem they were addressing in a broader context and to anticipate constraints. They also conducted the meetings so as to ensure the contribution of most in attendance. Furthermore, they were especially reflective about the meetings, both during the meetings and after the meetings were finished; they monitored progress in the meetings very closely but only intervened personally when the process began to stall or no one else was willing or able to further the groups' progress. The superintendents were explicit about their own efforts to learn as much as possible from the mecLing.
One practical implication of this research concerns the urgency of further developing group problem-solving capacities among prospective and existing superintendents. These capacities seem likely to be an important part of the repertoire of those who would exercise transformational leadership (e.g., Burns, 1978; Bass, 1985; Leithwood, 1992; Sergiovanni, 1991) . This is a form of leadership especially well suited to flatter organizations based, as it is, on collegial and expert sources of power exercised through the exchange of ideas within groups. 
